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compass by Dr. Bowditch’ rule, distributing the error ror in 
a latitude proportionately t to the lengths of the sides, and similarly for 


‘: ‘the. departures, ‘is familiar to all civil engineers and survey ‘ors oa 


fundamental - principles upon which it and the 
assumption which was made to the 


‘The main steps are rea traced. _ latitude eq equation is 


where L= - latitude, 
If this this equation be be differentiated first with th respect t to t and then 


respect B, it w will give effect ‘upon the latitude c ofa 
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Thus, aL' = = dlcos. Be 


4 


‘The uncertainty, « or error as it is usually called, in latitude, due to 


4 the combined effect of an uncertainty in distance and also in bearing, 


is equal to the square root of the sum : m of the squares of the « effects: peed 4 


to each separately, where positive and negative are equally 


probable, ‘Thus, if = the error in 1 distance, : replacing dl, = = the 
error in bearing, replacing a B, , the corresponding error in ‘latitude 


Differentiating and as abov 
=r", sin.? B+ cos.” B. 


=1 x constant =1C.. 


P which reduces equations as (2 ) and and (4 4) 4 to 


my , the squares of the uncertainties, or or probable en errors, in latitude — 


and in departure, are proportional to the lengths of the sides. 
Inthe Method of ‘Least Squares it is shown that the : most probable 


corrections 1s will be those the sum of whose squares | isan a minimum after 


each correction has been divided by its probable error; i. e., if the cor- * 
eotions in in latitude for the different sides be denoted by Dy Voy %-- 


‘ ad Since the sum of the corrections must equal the total error in ~ 
tude w with its sign changed, a constant, = 


(7) and (8 8), and remembering that each must hold 


ever the number of sides, or we have 
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cor rrections in latitude ar are to the lengths of ofthe 


tide, according to the old rule. 


‘The same e demonstration will hold ow the corrections i in departure. 
The interesting point, in this connection, is the assumption— 


‘Equation (5)—made by Dr. Bowditch that the probable error in 


chaining equals the } probable error: in bearing (in x-measure) 1 m multi- 
lied b the distance, and increases as the square ‘Toot of ‘the 


“distance. 
The inaccuracy of of chaining is is v usually spoken of as proporti ; 
the distenee, & but i in n comparing the went lines oles a survey measured 


with the same chain, the , square r root of the distance as assumed above 


is more nearly ¢ correct. Assuming an uncertainty which would amount 
— to 1 ft. in 500, which i is not unreasonable for compass work, we would 


= 1= =v 500 C ; or C=0. 0447, 
= 0.0447 


An examination of Table No. 1 will show that the assumption is 


fairly reasonable, although it gives too great weight to the bearings 


of long lines, and perhaps too small to those of very short lines. 


method i is thus satisfactory as to at and wi when 


- applied to the adjustment of a compass surv ey: 


Transit § Sunvey. 


check, 


an 
—— 
ii 
4 
a 
from wl sin. 1° 4/7 
Substituting for different distances gives the results shown in 
Distance, in feet. Uncertainty in chaining, in feet. | Uncertainty in bearing. 
— 
but the horizontal angles between the lines are measured. In ] 
ak ‘ o-ordinates, a meridian is 
@sSumed, 3 are computed from the 
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es one angle; that second, ro angles; ete., One- “half 
ear 


7 ray around the figure; the be ings for aia other half being 1 more 


accurately computed by w working backward from the meridian. ea 


Thus, with the following otes: 
Sta. 1. Deflection, M, = = 


as a meridian (Fig. 


~ — M, = 180 — (M+ 


B= M,— = M, + M, + M,—180° = 8.40 00 Ww. 
= 1809 - — +M,) 03. W. 
an The discrepancy i in angle work is thus thrown into the difference 
between the bearings of the two lines meeting at 3, and would not 
‘de | properly distributed by the compass method of adjustment. 
the deflections we were first adjusted to close the figure, the compass 
survey method would allow the i inaccuracy 0 of the ‘chaining to change rah 


“the a adjusted angles 3 without | it giving proper weight ‘to the accuracy of 


q There i is thus no reason to assume, as as appears to have been almost — 


universally done, that because the Dr. Bowditch a close 


adjustment for a compass surv 


4 ‘theron are three equations which must be satiafied in 


: (a 1) The sum of the interior angles must equal pote: as many id 
“right angles a as the figure has sides, less four. eit ; 


The sum mot the latitudes must equal 


squares, each square being divided | by the square of probable 


ol _ error, a minimum. aL Since each bearing must be expressed i in terms of 


the and the number of measured angles in 
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— Distance, 4, = 236 ft. 
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e algebraic sum of the departures must equal zero. q 
= Phe Method of Least Squares requires that the corrections must 
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i _ varies s from one to ae the number of sides, the labor j inv volved. is 


too great for the e adjustment of an ordinary transit surv rey. 

In ordinary work the probable error of an angle need not exceed 1 y 
minute, if care is taken in setting over the points and in plumbing the the — 


flag poles, using tacks on the stakes for all lines a less than 300 ft, 
swinging without delay from the back sight to the front sight, and 


a ih lining in a ™ range” point to swing from for all lines of less than 50 ft. 


these precautions, th the probable error need not increase with the 


ps shortness of the line, as with the compass. 
On ver 
fe pole is is partly hidden, ‘itn may be difficult to keep the ‘probable err error 7 
, the probable error can be 


it will be more difficult measure distances tol: 500 
+7 ‘than angles to minutes, , while an accuracy of 1:1 000i is seldom reached 


= pt on level or for work. 


“On this account, it will be ‘first adjust the ‘angles to 
close the ‘figure, bearings or or azimuths and assume 


pre" 


4 This only the 


sin. L sin. B, i, sin. B,+=0 
i the total corrections are to be applied on n the basis of i inaccuracy 
In order to these corrections on basis of least squares, 
denote the: observed distances by M, a the required 


corrections Cay ‘The corrected distances © will be 


3 

4 if 2 
& 
|) 

For good work the length | 1 to about 

of chaining, 1 minute in angle giving U. 15 it. in oUU as compared With 

or, 0.5 minute, 0.15 ft. in 1 000, as compared withthe 7, 
> 

(c) Sum of departures equal zero. > 


Af, + cos. By + 
By + 608, + 2,008. By +. = 
1+ 2, sin, sin.  B; + sin. B, + q = 


where 


«a= = M, cos. B+. cos. B, + M,¢ cos. = error in latitude, 
b= = M, sin. sin. . B,+ M, sin. =errorin indeparture. 


For convenience, change (11) ) to 


Aside from (12) we must also heve 57 +. 


for equal accuracy in 1 chaining the ‘different lines; or, the 
curacy in be assumed to decrease as the ‘Square root of the 


Differentiating, 


If the de’ were independent, their would have to 


-arately equal z zero for (13) to hold true. But the are connected 


(14) 


independent, and hence their coefficients w ‘ill equal ze zero. 


pliers, i i. multiply | the first (a4) by 2 ©, the second by and (13) 
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(16) 


=0 | 
1, denoting the AES of | a@ number | of similar lar terms, 
9 
(2) 


y= 


] te 


pendent, and fence their coemicients will be zero. This makes the 
3 rea coefficients of all the in (15) eq ing i 
To find z and _y, multiply the first_of (16) by L,. the second _b a 
yas usu 
| 
4 Adding, 2 (x) =2 = (L) + y ++ 
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Practica Arriicatioxs. 


ving adjusted the transit work, or or the angles, to 4 
“angles, and having computed the | co- ‘co-ordinates, Formulas (18), to (23) 


Ste the method of adjustment of the co-ordinates and of the 1 sre ; 


~< sintonoy, by distributing the small error of closure e equally among the the 


made by Dr. Bowditch, that ‘the inaccuracy in chaining increases as 


>A the square root of the distance, has been retained. The application is. 
= 4 quite simple, as all the terms ‘are ms made up from he latitudes, 
and distances entered upon the co- ‘co-ordinate sheet, 


isions can be made with the ordinary 
< 
in place of Jin (18), and the 


100 100 7 


T00 7/ 4 
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— 
| a 
slide rule, retaining only three fig 
In order to equalize numbers, 
— decimal places throughout, 100 7 a 
change carried through, as follo: 
< 

— = = Gm ( 
= (i007 100 77 

= —— al 
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With the 1e following gnotation: 


_«' and y’ may be called 


, = error in latitude; 
qo error in in departure; 
de denotes the summation of a number of terms ; 


D3 


The application of he method i is best shown 


TABLE 2.- —PRoBLEM FROM Dara Previoustx 


theR. |tion.) | | 4 | 


399.1 391.3 


$91.8 


The « observed angles foot up 3 minutes too smal To each 


0.6 minute is added, and the azimuths computed with 5-1 as an axis. 


= = b. 5, 5.5, and = + 7.8, ‘The three columns at the right 


used in finding a! and y’. To fill them set the s slide 1 rule to lati- 


one- -hundredth of the latitude (0. 01 L) for the conreaponding 
in he columa ; the same settings by one- -hun- 
1007 


dredth of the departure fortl the corresponding terms in the 
set to departure div ded by. distance and multiply, by one- 
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an 
— 
— 

Station. 

...| 92°00 |40.6'| 92° 0.6'| 236 ]........| 8.8} 295.0 0.0. 

46 00 [0.6 | 188 1:8] 244 | 168.2 

4 359 57 | 3.0 |Totals...|......| 443.8 | 7.62 

a 
— 

| 


= 


for > , and > i007 


i007 
tute in 18)’, giving 
— (0.25): 


If the corrections to the latitudes and are required, 


areas or Co- ordinates, use To do 


- eolumn for the first term in each latitude correction, and by each 
for te first term in each departure correction. Then set to the 


q 


latitude « correction, and by each . i sor for the ‘second term in each 


departure correction, giving: 


00. 401 = + 005-271 = — 27 


= +082 — 1.35 = — 04 


=. 
p, = — 100 — 1.59 = — 2 
= $0.07 = = + 0.04 — 2.10 = — 2.0 
0.00 


geometrically consistent description map, 1 use | (19)'; the 
setting of the slide Tule ering all the the first terms 


2.40 4.08 


— 
— 
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4 
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— 
(v) = — 0.68 x 0.055 — 1.15 x 0.078 = — 0.13 by (20)’ 
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If co-ordinates and distances are both. required, ‘it will 
less. work to find the distance corrections first and the co- 


om from by fons portions of (21)' and (2 my. 


No. 3.—Prosiem From ActuaL SURVEY. gi 


Angles closed without 


LaTITUDE, L. |Deparrure, D 


“1007 | 1007 


Ls 


RESSRE 


Totals..... 926.97 | 927.45 | 561.23 | 561.38 | 16.75 | 9.56 
| 


= 0.10 x-3.95 5+ 0. 48x 9. 


0.00 


= = 0.00 
0.00; (0, )=+ 0.48 =— 
‘some cases base or reference lines sand are 
located, and the other work adjusted to them; in others, a survey is ex- bi 


tended a after an | adjustment h has been made whieh it is desired not to : 


; “disturb. is These cases are treated by: omitting the terms and ae. 
for th the lines, which forces all the corrections inte into the unad- ave 


a 
= 468 4 
. 
Q.......| N.52 42.5 E.| 451.75 | 278.70 |........| 859.40 |........ 
iia S 2 W. | 921.60 |........| 921.04 |........] 82.16 0.01 
— - + 0.029 
y’ —0.48 x 3.95 + 0.10 x 16. oo 
a 
| 
7 
q 


CRANDALL ON ADJUSTMENT OF TRANSIT SURVEYS. 


‘Thus, j in foregoing if 6-1 be as 


pr) = > 07) = 


= +0 01; 


(v) — 0.041 x 444 + 0.007 x 0.001 = — 


7 The method thus lends itself readily to the ‘fitting of of new to ol¢ 


h has already been adjusted. a 


The , application of the method of adjustment is given in consider. 


Par. - a detail so that it can be used mechanically the same as the old 


“compass survey without 1 looking up ite theoretical basis. 
cannot be stated 80 . concisely y as the old, and the numerical work in- _ 
_ volves more labor if corrected co- ordinates only are required. In case 
corrected distances are required, to give with the bearings geometri- 
_ cally consistent data for a record map or description, this re requires less 
a labor than the old ‘method, for the corrected distances are used ee 
rectly with ‘the bearings, while in the « old method ‘neither corrected 
_ distances nor bearings can be obtained without a special computation 4 
after the co- ordinates have been adjusted. — 
The method has a a good theoretical basis for the conditions assumed, 


none for transit w 
= 


—— 
A “3 
. 
— =— 0.19; S(v,) = +0.48; S(r,)=+4+ 0.10 
— 
work whi 
= | 
— 
— 
4 | 
— 
— ig 
— 
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DISC 1 


Esq. (by letter). is is stated on page 454 Tut 


error. It. is the “square of the 
that should be and has been used in the development of the formulas. 


s aa would be inferred by a reader of the paper that Dr. Bowditch 
d 


eveloped his method from least-square considerations, although such is 
not the case. In The Analyst, Vol. 1, No. 4, 1808, Dr. Bowditch presented a 
his well- known ‘method, in answer toa question proposed i in a prev ious” 
- number of that journal, as to the best method of correcting a compass 
survey. Dr. Bowditch did not ore the solution mathematical form, 
to the length of the and parallel to the 
: er It remained for Dr. Adrian, the editor of The Analyst, in the same — 
number, to demonstrate Dr. Bowditch’s method by least squares, and ~ 
this work is remarkable as the earliest application of the method of 
least squares to geodetic work, as well as for the general and instruc- 
' = form in which it is given. This problem, and its solution by Dr. — 
Adrian, forms an important and interesting part of the early history — 
of mathematics in the United States. . Dr. Adrian demonstrates the — 
ne formulas, which are put into” the | “notation of the present 


asin B cos. B+ — 
(= Msin.? B+ p? Mcos.?B) + x 


kt M sin. B cos. B+qa=0 


2 


__ Probable error in isi x length of line. 


Probable error in of | line. 


first, t, that when p = A ie 


and motion of f angle points is is in n the direction of closing line. Sania b 


: 


that the most probable corrections Wi e the sum of whose 

& 

WY 
— 

* 
| 
where — 
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Mr. Tuttle. Third, when p = «, motion of angle pres is in a direction perpen- 


‘It will be seen that the first. 
the second is that of the author, and supposes all the errors distrib. a. 
uted among the sides only, the bearings remaining unchanged. The 
third solution takes up all the errors of the tcaverse im the 
and the measured distances remain unchanged. way pend 
_ Now, the foregoing general e equations c: can be used with substantially a 
_ the same amount of work as those proposed by the author, and with — 
the use of his forms of computation. They have the advantage that — ; 
_ the errors can be distributed among the sides and angles in any pro- . 
“postion, according to the relativ ve accuracy of of the measured sides and 
- angles; these formulas have the defect however, that the correction — 
_ to the bearing of any line is inversely proportional to the square root 
' of the length of that line, while in a transit survey, where the heal 


gs The fundamental detect i in n the formula | proposed by the a author j is, 
-_ that it requires the errors to be distributed in the sides only, while the — 
a angular error, where many angles are involved, is often greater. — 


{ 
q 


P the corrections will, in general, be be double what they would be if aise 
_ That which follows refers largely to city work, with transits of good 
make, and reading to 20 seconds, and tapes havi ing nog balance and 
__ The probable error in chaining appears to increase less rapidly lg 
than the distance, and faster than the square root of the distance as 
- assumed in the foregoing formulas. The law of the square root would 
__ probably be true if all errors to which distance measurements were _ 
_ subject were compensating, at and made up of a large number of purely 
— accidental ‘errors, an equal number of positive and negative ones oc- 
- curring. But as most of them are not compensating, and, as for any 
4 one line measured in a brief period, temperature and other errors pro-— 
‘portional to distance may be considerable and cumulative, it would — 
_ to be quite as: accurate to take the error of chaining as being 
= proportional to the distance, in n which form the error is usually stated. : 
ie’ * would seem that for an accurate and economical survey, some 
relation should and between the accuracy demanded of the chain, and 
4 that of the transit. No adjustment that can be devised is so perfect 
or satisfactory that it can take the place of accurate work. Iti is quite — 
important, therefore, that the proper relation ‘between the precision 
of the line and angle measurements should be determined. 


We ere the angle and distance measurements equality difficult, for the 


ier 


| 
— 
— 
— 
| 
— 
| 
— | 
— 
‘ 
— 
| 
| 
age 
| 
— 
— 
a 
— 
— 
ular measurements 
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"being usually less difficult, some greater precision may be —— Mr. Tuttle. a 


in their 1 measurement, but the respective errors, usually, : should not 


depart widely from equality, and in this particular it appears desirable : 
that the assumption implied in the usual rule, i. e,, that errors due to 


chaining and angle are equally probable, should obtain 


a Assume a closed hemains of sides and angles, with an angular > 
err 


or of closure of a\/ n, where a = allowable error in — 


- of one angle; then, to make the figure geometrically consistent, as far 


the angles are concerned, a correction of sho be applied 


to each angle. This is the sam same, in effect, as comalog the bearing of 


one line in the traverse, from which the bearings of the other sides vac 
derived, and weighting the two determinations of the bearing of any 


given side found in passing from the assumed line, round to the —_ 
and left, re spectiv ely, inversely a as the number of angles passed 


Let m be the value of any bearing determined by passing 
“a zangles to the right, and m, by passing through (n — z) angles to the 
Teft, and m, and r,, , the value and probable error bearing, 


rror of closure i is applied. kann). 


where rand 7 ae probable error of "determination in 


It may be observed that the probable error, as here ‘used, i 


: obtained from the allowable ‘difference of angular losers, i. €., a Vn, 


and is consequently the probable error corresponding to this differ- 
ence, and the maximum value which the probable. error should have. 


m (n 1 — 2) +m, 


robable error of the 


From the it is seen a that the 


‘ing distant s= = 


— 
af. 
a 
| 
&g 
r 
— 
— 
fe 
— 
| 
: 1 
“4 
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= ey n. The allowable error, is, 1 the: 
is easily seen from Equation (6) that the probable errors of the 


‘corrected bearings vary from zero at the base to 0.34 a Vv nat the bear- 


ing => angles distant from the base, in proportion to the ordinate ofa 


a circle of diameter », divided into segments z ‘and n—z. 

As it is impracticable to assign different probable errors to bear- _ 
_ ings in the determination of corrections, or to measure the angles so e 
as to secure bearings having a uniform probable error, the square root 
_ of the mean value of the squares of the probable errors should be 
taken a as the constant probable error of an angle; this is equivalent to &§ 
making p* in Equations (3) and (4) constant, and equal to its mean 


eo _ We will define the square root of the mean of the squares oo fe 


able error of 3 in a traverse of n of m angles, will therefore be, 


and ‘the mean value of the allowable cxmee, » being 2. 2 times the latter, 5 


; will ‘equal 0.58 e/a n. “While . this is the n mean n value of the allowable 


_ error in traverse work connected with fixed bearings, it is the actual — 
allowable error in a closed circuit where no bearings are fixed, since __ 
4 each bearing is similarly circumstanced relatively to all t the others. 3 


a From the record of the angles measured ° with seve 1 good 20-0 
_ second transits, under service conditions, and by different observers, 3 
q the probable error of a single ae measurement was found to be 


difference between measurements. 
a The allowable error of chaining with the tape heteen described has 
been found to be about 1 in 10000, and an angular error of 20. a 
seconds will cause an error of an equal a amount in the location of the - 
end of any given line. Therefore, when the mean allowable error | of 
a so a traverse equals 20.6 seconds, the error due to angular measurement 7” 
will be approximately equal to the error dueto chaining, when measured — 


Ww ith the accuracy of 1 | in 10 000. 1 We have already fi found ithe ) mean 
allowable error in a of ‘to be 0.58 a ‘therefore, 


to find the value o of a for equal precision in angles and chaining, we 
4 have the equation 0.58 a Vax = 20.6 seconds, 


— 
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e 
d 

> 

— 

7 

As 

— 
ae 
| 

= 
mm probable error of single measurement, and consequently, it is 
— 

— 


avers 400 


_ Table No 0. 4 been from this equation. 7 The first column Mr. Tuttle. 


‘amount for equal precision in sides and angles. 
gives th the approximate number of repetitions of a 


equal precision in sides and angles when p = 10 000 x 0.58 a na are 


TABLE No.4 


‘From a considerable experience in adjusting careful traverse work "y 


to triangulation, it been found that where many angles 
involved, the divergence | due to angular errors may be considerably Nie 
eater than errors due to chaining, and in this way the foregoing 
4 
Equations (1), (2), (3) and a (4) ) may be ¢ easily modified to make the 
error in distance m measurement Layne to the length of 


The equations then take the form: 


yl Msin. B+ M? cos. 
M* sin. B cos. 


Now, the and sides are well 


=I? 2... 


_ used in precisely the same way that the sides are used in the common : 
formulas. While the latter make the corrections to be applied to long, 


&§ 
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— 
second, the values of a, the allowable error in angular measurement, 
_ the difference hetween two measnremanis shank not exceed this =) “4 
— 
&g 
__Tt will he acon that in those ennations the of the sides arc 
— 


ee has some misgivings in presenting them as new, although he 


sr, Fos Puertes H. Fuertes, M. Am. Soc. C. E.—During the past two ye years, 


in the investigations connected with the Philadelphia Water Supply 
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ge en point less when passing along a short side, and greater in the 
case of along side, by assuming the probable e error infthe location 1 of 
agiven : point as proportional to the distance to that point, ‘instead of 


_ These equations are so simple, and so readily deduced, that the 


4 


has no knowledge that they have ever been proposed. They appear 
— _ to the writer to be superior to the common formulas for the adjust- 
4 ment of transit work, and also have the merit of simplicity. P< r 


4 Improvement, for the Mayor’s expert Water Commission, and the New 
York City Water Supply investigations, for the New York Merchants’ 
.. _ Association, the speaker has conducted d rapid s surveys over a large area 
of mountainous country, for the purpose of securing ‘data relative to 
_ stream flow and storage facilities. A short account of the methods — 

used and the results obtained may be of interest. Rite: ie 
For the New York investigations the work consisted of arom: 


- sances for aqueduct lines, and surveys of reservoir sites s and water- et 


a limits, in the Adirondack, Catskill, Kittatinny and Shawangunk regions, 
_ for which no topographical maps were available. As the time allowed — 
ow was very short, quick approximate methods were necessarily used. _ 
In the Catskills the information desired was the location of suitable 
- dam sites, the es capac sities of the re reservoirs formed by - these dams, a 4 
_ the area tributary to each, in order to arrive at conclusions as to the 
available daily yield of this water-shed. It was, at first, a rather dis- 
d heartening task; favorable locations for masonry dams appearing only 
g at the lowest sites on each of the three main streams, the Esopus, ue 
Catskill and Schoharie Creeks, and the country being 80 ) rough and 
broken that progress was necessarily slow. = 
As a foundation for the work, the best available maps were secured: — 
’ ‘These we were on 80 o small a a scale | as oly of little 1 use e except f for the pur 


_ anda horse and buggy. Each party consisted of three persons, wwe 4 
for the field and one to remain at headquarters and record at short 
intervals the readings of the ‘stationary barometer, noting the exact 
time of each reading. - Readings were sometimes taken at about 

- 3-minute intervals, when the fluctuations in pressure were rapid. 
_ The time ~~ noted at each reading, both in the field and at head-— 
quarters. At night the readings of the stationary barometer were 
‘plotted and the proper corrections of the field readings were “made. ae 
_ Sometimes it was necessary to compensate for lapse of time, when q 


an area of low pressure was moving toward or away from the 


1 

— 

— 

1% 

— 
— 
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— 
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— 

— 
= 

q 


piscussiox ON ADJUSTMENT OF TRANSIT SURVEYS. an 


y - observers; this was done by shifting the time scale. At times the Mr. Fuertes. es. 
- changes in the barometer would be as much as 300 to 400 ft. in a few : 
hours, but by taking several readings at consecutive stations the 
“effects of such variations could be eliminated. _ Generally, the baro- 
metric readings, after correction, could be upon w within ithin 
_ The field party first meandered all the roads i in, and, crossing, the 
reek valleys, taking bearings at every change of direction, and 
eleva ations at every angle point, and at points where the slopes changed. __ 


& distances from point to point were measured by counting the 


revolutions of the buggy wheel. The corrections for the slip of the 
_ wheel, according as the roads were smooth or rough, frozen, icy, a 
malay, stiff, hilly or were determined each day by plotting the 


por track between road « crossings. "Where possible, surveys were 
made in complete circuits, so that distances and directions could — 
be checked from two independent lines. After the main lines through | 
the v valleys were completed, cross-sections were taken at various points 
where the topography indicated that such sections were desirable. 

_ Elevations were checked by reading the barometer at the different 
stations every time points were passed where elevations had been 
taken on previous days. The elevations of the railroad stations were 
assumed as starting points for the different lines. These were taken 

from the time table of the Ulster & Delaware Railroad, or from the — 
_ “Dictionary of Altitudes” published by the U. 8. Geological Survey. _ 
At Cold Brook Station, on the Ulster & Delaware Railroad, the barom- 
eter: indicated a of about ft. i in n the elevations, as 
passed the same of elevation was found; it was therefore 
a checked, first with a hand-level, and afterward with a wye-level, and 
elev ation was found | to » be correct. 


which were thes sent to the New York to be worked into record 
7 4 shape. The sheets for the general map were plotted to ascale of about _ 
ts 1 mile to an inch, and the detailed maps of the creek valleys, on a 
closely; enough to the probable storage capacity of the 
reservoirs to be estimated with a sufficient degree of accuracy. It was 
- found that the error was generally on the side of safety; that is, the , 
tendency wa was to underestimate distances rather 


: on total cost of the field work for the Esopus Valley, including | 


all salaries, team hire, hotel bills and traveling expenses, was $457; the 
of making the record maps was $136; a total of $593 for the the 
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Mr. and maps complete. te in ‘this survey, 
ss over the whole of which contours were taken at 20-ft. intervals, 
_ covered 9 500 acres; thus, the cost of the field work was at the rate 2 of 
4.8 cents per acre, and the cost of the record maps, on a scale of 500 ft. 
to an inch, about 1.5 cents per acre, making the total cost 6.3 cents per “i = 
The of the barometers was: tested most severely in 


I Just south of the crossing of the Erie sell over the Wallkill ioe, 4 
_ the valley widens out and forms a broad plain from one to five miles 
in width. _ This plain is nearly flat, both lengthwise and transversely, 
and extends well down into New Jersey. It was at one time, undoubt-— 
edly, the bottom of a lake. - ‘During the winter and spring the whole 
valley frequently lies several feet under water. In getting elevations | 
in this valley care was exercised to take as many barometric readings 
_ as possible on points where elevations had been taken previously. — 
g Elevati ations were carried down from Goshen and Middletown. After 
completion of the work, comparisons were made with the Geologi- 
_ cal Survey sheets of New Jersey, and it was found that the contours J 
_ carried down from the Erie Railroad crossing fi Sted those brought hl - 
from t tide- ‘water through | New Jersey. 


the Ulster & Delaware Railroad, the attention of the Railroad Com- 
_ ‘pany was not called to the discrepancy, because the elevation was i“ 
taken from the time-table, and was not official. The valley through ~ 
- Thih the railroad runs is quite beautiful, and is much frequented by © 


tourists a and summer visitors, and one of the features of the a 

_ table was the publication of the elevations of the railroad stations. 

‘The profile of the railroad was not secured. At the time, it was 

_ thought that the error might have been simply a an oversight in proof- : 
reading. The elevation is given correctly, | on 1 the authority of the a 3 


railroad in the ‘Dictionary of Altitudes.’ 
Senter. H. Luster, Jr., Assoc. Mz. Am. Soc. C. E. —The speaker has done = 


@ quite an amount of topographic work, , With both aneroid and v 
and did some of the work near the New — State 


levels along the railroads and country “These levels were 
used as the base for all stadia and aneroid work, ‘vertical angles ds ol 
— In taking the topography of a township the lines were first ron 
around the tract, using transit and steel tape, the horizontal | and 

vertical angles were read and stadia distances recorded; the latter was 
3 reduced to the horizontal and used to check the tape distance. eeu’ “S 
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Part of this topographical work was in a rough section of the 
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t: A township contains 36 sq. miles and measures ven 96 miles _—" the) Mr. Luster. 
al work was 30 ft. and of of the 
This work was by running lines on 
visions of the township, sometimes by transit and tape and at other 
times with compass and stadia, according to the importance of the — 7F 
line. These cross-lines always crossed a line of levels, so that os 
yertical control was secured at all times. The azimuth was « 
sun observations and triangulation. 
All: horizontal measurements were taken between vertical 
a which were driven solidly in the ground and made vertical by the use 
a of two attached levels. Down the center of these rods there was a , slot 
= _ which just allowed the entrance of a projection on a plate attached to’ on 
zero end of the tape. The tape was made horizontal by the use ofa 
- hand-level, and the distance between the centers of the slots was then 


read and recorded. ed over ba 


closure of 30 ft. was remarkably good. 


tis a peculiar fact that in all the township line work which the _ 
speaker has done in the Adirondacks, he has found that with few 
exceptions these lines cross the sammits of all the high peaks or very | 
close to them, and in almost every instance a triangulation station a 
can be located on the line which will give —- view to other — - 
“measured, and at a later date it was observed on from the other 

_ stations. _ These triangulations were made with a 20-second Buff and t 
transit. The results of these triangulations were plotted on 


ach 
tomate was divided inte lots, the lines of which were run “a 
pass and stadia, the vertical angles being read for the vertical 
y control. F rom these lines a pacing traverse was run to the interior of 
each lot, and aneroid readings taken at all points of topographic 
terest. ‘The remaining» contours were sketched in by eye. 
eroids ¥ were read at the start and finish of each traverse, and the © 
points taken in the interior were adjusted in proportion to the elapsed F- 
time. . Readings for comparison were taken at the camp during the | 
day by the man in charge, if his his other duties did not prevent; as this — 
often happened, these readings were little used and dependence was 
placed on average readings taken on the same point. These aneroid bi. 
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_ Mr. Luster. heights can be depended on within 10 ft., five or six check readings 
take the error mentioned asa maximum. __ 
_ The speed of such a survey, when all hands, ‘fifteen men, were q 
_ The foregoing method differs from that carried on in New Jersey. 
In that State t the e ground is not so rough and is not heavily timbered, 
_ useless lines need be run. For country of this nature the wye-level 
was used for all topography. In the few cases where the country was ag i 
_ _ stations involved would have made the task so great that the results 
_ of the work would have been greatly delayed before publication, and, — 
3 _ The paper has been read carefully, and, while admitting that x 


ON ADJUSTMENT OF ‘TRANSIT SURVEYS. 
were taken on a point of known elevation, which led the speaker 
working on the line, was about 2 miles perday, 
so that the various features of the ground can be readily seen and no 
! hilly and timbered an aneroids s were depended on, but were used on only a 
> Formulas were never used to distribute the error, as the number of fae 
“= in the speaker’s opinion, the scale of a ‘map, where so small as that 4 
method of adjustment is necessary, the one given seems to the speaker ee 


_ to be too cumbersome for practical use. In making an adjustment of | 
a survey t the speaker uses the f followi wing method: The lines which can 
a a be measured without any « difficulty a are taken as correct and the differ- 

- ence then remaining is proportioned to the other lines in proportion 
_ _ to their lengths. If the ground is open and the located corners can be 
_ - seen from two or more points in the field, a base line is carefully — 
Gx a measured, from the en ends of which these corners can be seen; the : 
angles are measured ‘and then the sides are computed to check the 

measured distances. It has been the speaker’s experience that by this 
method very little error will be found in lines easily measured, and no 
refinements need be used to adjust this small | difference. at 


a a Mr. een W. B. Las, } M. Am. Soc. C. E. _—The speaker has often used Dr. Bow- 


 ditch’s method of adjusting a survey, probably for the lack of some- : oe 
q 


a 7 9 thing better, and has fallen into the error, common to those who have ss 
applied it to a transit surv ey, namely, the g giving of insufficient: credit 
to the accuracy of the angle measurements. = 


_ No survey should be accepted, the original notes of which are not. 4 
sufficiently accurate within their limits, which may be anywhere 
between those of mountain land and city lots. This condition being — 

i satisfied, no survey: yeyor can afford to o make, no nor will any owner consent 

_ to pay for, an elaborate correction. Surveys are made for the purpose ‘— 

of locating fixed points or corners. If the bearings and distances. a 
_ when re-run will not locate these points ey it matters not . 
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Dr. Bowditch’s s simple and ray rapid of fore survey i 

applied without detriment to either. 
depends upon the ciroumatances attending the of 
,* survey ; that is, the conditions under which it is made, and the 
nature of the territory. Here arise abundant the 

_ The speaker recently made a survey of an oe plat 

- was scattered along a railway for about half a mile, making a circuit — 
then, | about a mile. The ‘Tine along t the railway was assumed as a 


and its length as correct; then the meandering line behind 


the plant was adjusted to it. Numerous shots and measurements to 


work and the rationality o of the © adjustment. 
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